• The combination of RSM and HSCCC is applied on separating and purifying rutin for the first time
matography and C18 reversed phase chromatography [5] . However, conventional methods available for separation and purification of these compounds involve solvent extraction method and column chromatography are tedious and involve multiple steps. Furthermore, column chromatography often leads to the loss of activity and low recovery of target compounds due to its irreversibly absorptive effect of the solid matrix during the isolation and purification procedures [8] [9] [10] . Therefore, it is necessary to establish a rapid and highly efficient method for separation and purification of flavonoids from the extract of H. mutabilis L. leaves.
High-speed counter-current chromatography (HSCCC), a continuous liquid-liquid partition chromatography based on partitioning of compounds between two immiscible liquid phases, conquers the disadvantage of irreversible adsorptive loss of samples onto the solid support matrices, shortens the separation time, and has been successfully applied to separate and purify various natural products [11] [12] [13] [14] . This technique is firstly used for separation of compounds from H. mutabilis L. leaves and the separation condition parameters are optimized by response surface methodology (RSM).
The findings of the current research show that seven compounds from the Chinese medicinal plant H. mutabilis L. leaves is effectively separated and purified by HSCCC. All of the isolated compounds including steppogenin (1), salicylic acid (2), rutin (3), genistein (4), potengriffioside A (5), kaempferol 3-Orutinoside (6) and emodin (7), Figure 1 , are identified by ESI-MS, 1 H-NMR and 13 C-NMR spectra. Furthermore, flavonoid steppogenin (1) and isoflavone genistein (4) are firstly isolated from H. mutabilis L. leaves.
EXPERIMENTAL Apparatus
The semi-preparative HSCCC instrument used in this study was a Model TBE-300A HSCCC (Tauto Biotechnique Company, Shanghai, China) with a multilayer coil planet centrifuge equipped with a polytetrafluoroethylene (PTFE) preparative coil (diameter of tube 1.6 mm; total volume 280 mL). A manual injection valve with a 20 mL sample loop was used to introduce the sample into the coil system. The two--phase solvent system was delivered by a model TBP-50A pump (Tauto Biotechnique, Shanghai, China). The β value of the preparative column varied from 0.5 at the internal terminal to 0.8 at the external terminal (β = r/R, where r is the distance from the coil to the holder shaft, and R is the revolution radius or the distance between the holder axis and central axis of the centrifuge). The rotation speed is adjustable from 0 to 1000 rpm. The continuous monitoring of the effluent was operated with a Model UVD-200UV Monitor, a multi-wavelength UV-vis monitor for simultaneous monitoring of up to four wavelengths at 254, 280, 340 and 365 nm (Shanghai Jinda Biochemy Apparatus Co. Ltd., Shanghai, China). An HX-1050 constant temperature circulating implement (Beijing Boyikang Lab Instrument Co. Ltd., Beijing, China) was employed to control the separation temperature. The data were collected with a model V4.0 chromatogram workstation (Shanghai Jinda Biochemy Apparatus Co. Ltd., Shanghai, China).
Purity analysis was performed on a Waters Acquity UPLC™ system (Waters, Milford, MA, USA) equipped with a binary solvent delivery pump, a thermostated column compartment, an auto sampler and a VWD detector, and connected to Waters Empower software.
The structure was identified with an electrospray ionization mass spectrometer (ESI/MS, Finnigan Advantage LCQ, Thermo, USA) and a Varian INOVA 400-MHz-FT-nuclear magnetic resonance (NMR) spectrometer (Varian, CA, USA).
Reagents and materials
Petroleum ether (60-90 °C), ethyl acetate and ethanol for preparation of crude samples were all of industrial grades (Tingting Chemical Industry Co. Ltd., Zhejiang, China). n-hexane, ethyl acetate, n-butanol (Gaojing Fine Chemical Industry Co. Ltd., Zhejiang, China), methanol (Damao Chemical Reagent Factory, Tianjin, China) used for HSCCC separation and the preparation of crude extracts were all of analytical grade. Methanol used for UPLC analyses was of chromatographic grade (Merck KGaA, Darmstadt, Germany). Formic acid used for UPLC analyses and solvent systems selected was of chromatographic grade (Dima Technology Inc., CA, USA). The water used in the experiment was produced by Barnstead TII super Pure Water System (Thermo Fisher Scientific, MA, USA). The dried leaves of Hibiscus mutabilis L. were purchased from Zhejiang Chinese Medical University Chinese herbal pieces factory.
Preparation of the crude sample
The dried leaves of H. mutabilis L. (7.5 kg) were powdered and added to 100% ethanol, mixed thoroughly, and then settled for 72 hours at room temperature. The supernatant fluid was filtered and concentrated to dryness by rotary evaporator under reduced pressure and further dried under vacuum. The residue was extracted five times with petroleum (b.p. 60-90 °C) and petroleum (b.p. 60-90 °C)-ethyl acetate (1:3 volume ratio) successively; a total of 70 g of petroleum extract, 22 g of petroleum-ethyl acetate extract and 60 g residue were obtained. The petroleumethyl acetate extracts were further subjected to AB-8 macroporous resin (Zhejiang Zhengguang Industrial Co., Ltd., Zhejiang, China) by stepwise elution with aqueous ethanol (30, 50, 80 and 100 vol.%). After TLC and UPLC analysis, the fraction eluted by 50% aqueous ethanol (6.8 g) were evaporated to dryness under reduced pressure and stored for subsequent HSCCC separation as crude sample.
Determination of partition coefficients (K) and selection of two-phase solvent system Several two-phase solvent systems were evaluated for HSCCC separation. The selection of twophase solvent depended on the partition coefficients (0.5 < K < 2.0). The K values were determined as follows: about 1.0 mg crude sample was added into a 10 mL test tube to which 2 mL of each phase of preequilibrated two-phase solvent system was previously added. The tube was shaken completely to distribute the sample in the two phases thoroughly. Then, an equal volume (1 mL) of the upper and lower phase was transferred and evaporated, respectively. The residue was dissolved in 1 mL of UPLC mobile phase for UPLC analysis. The peak area of the upper phase was recorded as A U and that of the lower phase as A L . The K value was calculated according to the equation, K = A U /A L .
Preparation of solvent system and sample solution Two solvent systems composed of ethyl acetate-n-butanol-water (6:1:9 volume ratio) and n-hexane-ethyl acetate-methanol-water (3:5:3:5 volume ratio) were used for HSCCC separation. The preparation of each two-phase solvent system was performed in a separatory funnel according to the volume ratios and thoroughly equilibrated by shaking at room temperature until there were two clearly separated phases. Both phases were separated and degassed by using an ultrasonic bath for 45 min.
Sample solution of the first HSCCC separation was prepared by dissolving 100 mg crude sample in 20 mL solvent mixture of upper phase and lower phase (1:1 volume ratio) of ethyl acetate-n-butanolwater (6:1:9 volume ratio). The second one was prepared by dissolving 42 mg residue of the first HSCCC separation in 20 mL solvent mixture of upper phase and lower phase (1:1 volume ratio) of n-hexane-ethyl acetate-methanol-water (3:5:3:5 volume ratio).
HSCCC Separation procedure
Each HSCCC was performed as procedure below in the whole separation: the multilayer coiled column was first filled with the upper phase as the stationary phase; then the lower mobile phase was firstly pumped into the head of the column at flow rate of 1.5 mL/min. In the meantime, the HSCCC apparatus was rotated at work revolution speed of 850 rpm, and the system was placed at steady temperature of 25 °C. After the mobile phase emerged at the tail outlets and the liquid-liquid equilibrium was established in the column, samples were injected into the injection valve. The effluent was continuously monitored with a UV detector at 254 nm and the peak fractions were collected according to the chromatogram. After target compounds were collected, the centrifuge was stopped and stationary phase was pumped out of the column with pressured nitrogen and collected in a graduated cylinder to measure the retention volume. Figure 2 shows the chromatograms of the crude sample and peak fractions separated by HSCCC under the optimized UPLC condition.
The purified fraction of hibiscus mutabilis L.
obtained from the semi-preparative HSCCC separation was analyzed by ESI-MS, 1 H-and 13 C-NMR, respectively.
1 H-and 13 C-NMR spectra were measured with tetramethylsilane (TMS) as internal standard. All the experiments were run under room temperature.
RESULTS AND DISCUSSION
Optimization of two-solvent system An ideal two-phase solvent system was critical for HSCCC separation, which mainly involved four aspects listed below [15] . First, sufficient stationary phase should be retained while the mobile phase passes through the system. Second, for satisfactory retention of the stationary phase, the settling time of the solvent systems should be considerably less than 30s. Third, K of the target compound should be close to 1 for ensuring the retention time of target component and an acceptable K value is in the range of 0.5-2. Ultimately, the separation factor between two components (α = K 2 /K 1 , K 2 > K 1 ) should be higher than 1.5 in semi-preparative HSCCC equipment.
Several groups of solvent systems based on ethyl acetate-methanol-water, ethyl acetate-n-butanol-water, ethyl acetate-n-butanol-water-formic acid and n-hexane-ethyl acetate-methanol-water were evaluated in this experiment and the partition coefficients were measured as listed in Table 1 . All the tested solvent systems failed to provide suitable ranges of K values for all the target compounds in a single run. For separation of compounds in the crude sample, the ethyl acetate-n-butanol-water (6:1:9 volume ratio) system offered acceptable K values for compounds 2 (0.45), 3 (0.79) and 4 (1.35). Nevertheless, compounds 1 and 5-7 resulted in a poor solubility in aqueous phase. Formic acid was added to shorten the separation time, but no remarkable effect was observed. Besides, various solvent systems based on n-hexane-ethyl acetate-methanol-water were conducted for partition coefficient tests. Comparing with different ratios, n-hexane-ethyl acetatemethanol-water with volume ratio at 3:5:3:5 gave suitable partition coefficients for compounds 1 (1.44), 5 (0.87) and 6 (0.95). Furthermore, ethyl acetate--methanol-water system with volume ratio at 2:1:3 resulted in unsatisfied solubility for compounds 1 and 2, although K values of other target compounds had potential to be modified. Ultimately, ethyl acetate-n--butanol-water (6:1:9 volume ratio) and n-hexane- Figure 3 ).
In the second HSCCC separation, three fractions, 1, 5 and 6, were produced and collected (compound 5: 9.2 mg with 94.3% UPLC purity, collected between 115 and 128 min; compound 6: 4.7 mg with 98.0% UPLC purity, collected between 135 and 147 min; compound 1: 3.0 mg with 94.1% UPLC purity, collected between 151 and 157 min), respectively ( Figure 4) . Moreover, 2.5 mg compound 7 with 90.8% UPLC purity was obtained from the residue of the second HSCCC separation.
Optimization of HSCCC procedure with RSM To obtain a best purity of rutin (compound 3), a three-level and three-variable of Box-Behnken design (BBD) was applied to optimizing the first-step separation experimental parameters. Three independent variables investigated were: separation temperature (20, 25 , 30 °C, X 1 ), mobile phase flow rate (1.0, 1.5 and 2.0 mL/min, X 2 ) and revolution speed of the multilayer coiled column (800, 850 and 900 rpm, X 3 ), while the response was the purity of rutin (Y). Seventeen experiments were designed to explore the variables of separation parameters that affect the purity of rutin. Crude sample of 100 mg was used for all experiments. The experimental design is presented in Table 2 , along with the obtained experimental responses studied in each experiment. For predicting the optimal point, an empirical second-order polynomial model was established to perform relationship between independent variables and responses. 
The analysis of variance about model is shown in Table 3 . The significance of model was determined using the t test. The coefficient of determination (R 2 ) of the model was 0.9803, demonstrating that the relationship between those parameters chosen was represented adequately by the model. The F value of 38.72 and p value less than 0.0001 implied that the model was significant. The "Lack of Fit F value" of 2.76 and results of error analysis indicated that lack of fit was insignificant (p > 0.05), meaning an agreement between the experimental results and the theoretical values predicted by the polynomial model. The coefficient of variation (C.V.) of less than 5% suggested that the model was reproducible. The predicted residual sum of squares (PRESS) of 250.39 showed that the model fitted each point in the design.
According to the p value, all variables were significant except for X 2 and X 1 2 , and interaction effect between any two variables had statistically significant effects on purity of rutin. The full model was made three dimensional and contours were plotted to predict the relationships between the independent variables and the dependent variables ( Figure 5 ).
It can be seen that the maximum response was located in the temperature range of 28-30 °C and flow rate range of 1.2-1.4 mL/min when the constant revolution speed was 850 rpm ( Figure 5A ). The maximum response occurred at two areas: the revolution speed range of 800-850 rpm and temperature range of 26-30 °C; the revolution speed range of 850--900 rpm and temperature range of 20-24 °C when the definite flow rate was 1.5 mL/min ( Figure 5B ). The response was increased with the increase in flow rate and revolution speed, and then declined with further increase in both parameters when a fixed temperature was 25 °C ( Figure 5C ). The optimum HSCCC conditions were obtained according to the model equation as follow: temperature was 30 °C; flow rate was 1.11 mL/min; revolution speed was 800 rpm (the reason that no higher temperature and lower revolution speed were tested further lied in avoiding sample destroyed and stationary phase loss).
Structure identification
The structure identification of compounds was performed with ESI-MS, 1 H-and 13 C-NMR. Data of each compound were given as follows: 171.4 (C-7), 160.7 (C-1), 135.3 (C-5), 129.9 (C-3), 118.9 (C-4), 116.8 (C-6), 112.7 (C-2); the chemical data displayed above were consistent with salicylic acid. These findings confirmed that the compound is Salicylic acid [17, 18] . ; the chemical data displayed above were consistent with emodin. These findings confirmed that the compound is emodin [24] .
CONCLUSION
Response surface methodology is a combination of statistical and mathematical techniques. The main advantage of RSM is the reduced number of experiments that are required to evaluate multiple parameters and their interactions. The present paper describes efficient separation and purification rutin from Hibiscus mutabilis L. leaves by the combination of RSM and HSCCC. The results fully demonstrated that the optimization using RSM would get more reasonable parameters for HSCCC than the classical one-variable-a-time optimization because it could scientifically evaluate the interaction between the variables. Consequently, high purity rutin was obtained with the optimized conditions. Otherwise, it is the first time to apply HSCCC on H. mutabilis L. leaves separation. Compared with previous studies, HSCCC shortens the separation time and firstly separates steppogenin and genistein from H. mutabilis L. leaves.
In summary, the combination of RSM and HSCCC was successfully applied to optimize HSCCC parameters and supply more information from a small number of experiments. As a result, the purity of product was dramatically improved. This method has good potential in separation and purification of effective compounds from natural product. 
DVOSTEPENOM HROMATOGRAFIJOM BRZE IZMENE STRUJE
Sedam jedinjenja iz lišća Hibiscus mutabilis L. je uspešno izolovano dvostepenom hromatografijom brze izmene struje koristeći dvofazni sistem rastvarača koji se sastojao iz n-butanol-etil-acetat-voda (zapreminski odnos 1:6:9) i n-heksan-etil-acetat-metanol-voda (zapreminski odnos 3:5:3:5). Kritični eksperimenatalni parametri za prvi stepen odvajanja optimizovani metodom odzivne površine su sledeći: protok 1,1 ml/min, 800 rpm i temperatura 30 °C. Pod optimalnim uslovima dobijeno je oko 5,0 mg salicilne kiseline, 13,6 mg rutina i 5,5 mg genisteina iz 100 mg sirovog uzorka. Onda je drugom separacijom dobijeno 9,2 mg potengrifiozida A, 4,7 mg kaempferol 3-O-rutinozida, 3,0 mg stepogenina i 2,5 mg emodina. Čistoća ovih sedam jedinjenja određena je UPLC hromatografijom bila je: 96.2% za salicilnu kiselinu, 93.8% za rutin, 95.4% za genistein, 94.3% za potengrifiozid, 98.0% za kaempferol 3-O-rutinozid, 94.1% za stepogenin i 90.8% za emodin. Njihova hemijska struktura određena je pomoću ESI-MS i pomoću Ključne reči: Hibiscus mutabilis L.; hromatografija brze izmene struje; rutin; genistein, kaempferol-3-O-rutinozid, stepogenin.
